For more than 80 years it has been known that haematoporphyrins cause photosensitivity in man. The efficacy of tumour photodynamic therapy (PDT) with haematoporphyrin derivatives (HpDs) as a photosensitizer is now well established (Graczyk, 1999) .
Photofrin II are approved for medical use in some countries and have been used to treat thousands of patients all over the world. Some HpDs were also used to treat experimental melanoma, mostly its non-pigmented form (Franken et al., 1985; Gomer et al., 1985; Phillips et al., 1987; Kecik et al., 1993) , only in a few cases was the HpDs-based PDT studied using tumours and cells containing different levels of melanin (Nelson et al., 1988; Favilla et al., 1995) . Both pigmented and non-pigmented melanoma cells were affected by light dependent toxicity, but the effect was greater for non-pigmented cells.
There are some limitations for using Photofrin II as a photosensitising agent. It is not well defined chemically, it is a mixture of HpDs, and this makes it difficult to control its photosensitising properties, distribution in tissues and stability. It was established some years ago that the most active components in HpDs mixtures are dihaematoporphyrin ethers and/or esters (Dougerthy et al., 1984; Graczyk, 1999 ) known as DHE. This fact focussed the attention of researchers on the synthesis of some new kinds of porphyrin dimers not possessing the disadvantages of their predecessors, which would be chemically homogeneous and more stable. In this work we describe the synthesis of a new ( Fig. 1 ) tritolylporphyrin dimer (T-D). Some of its photophysical and photochemical properties essential from a PDT point of view as well as its phototoxic activity against melanoma cells in culture are described.
MATERIALS AND METHODS

Synthesis of porphyrin dimer (T-D).
The reagents for the reaction were obtained by the conventional method of Adler et al. (1967) by the condensation of mixed aromatic aldehydes with pyrrole in boiling propionic acid. From the reaction mixtures 5-(4-aminophenyl)-10,15,20-tritolylporphyrin (APTP) and 5-(4-carboxyphenyl)-10,15,20-tritolylporphirin (CPTP) were separated. The porphyrin dimer was prepared by a procedure similar to that described in the literature (Faustino et al., 1997 Absorption and fluorescence spectra. Absorption spectra were recorded with a two-beam Shimadzu UV-VIS 2101 PC spectrophotometer and a Hewlett-Packard 8453 diode array spectrophotometer. Fluorescence spectra were determined using a computer controlled Spex spectrofluorimeter Fluorolog-3, model FL3-22 (Xenon lamp 450 W). Phosphorescence spectra were measured using a SPEX 1934D3 phosphorimeter (Xenon flash lamp). Fluorescence quantum yield F F (under nitrogen) was measured relative to tetraphenylporphyrin (TPP), which has the quantum yield of fluorescence in toluene F F = 0.1 ± 0.01. Phosphorescence emission spectra in the range 600-900 nm (excitation in Soret band 421 nm) were recorded in frozen toluene glass (77 K).
Rate constant of triplet state quenching. To determine the transient absorption spectra and the rate constants of triplet state decay in the presence or absence of oxygen an Applied Photophysics Laser Flash Photolysis spectrophotometer (model LKS 60, Xenon arc lamp, 150W/CR OFR OSRAM) was used. The absorption spectrum of the triplet state of T-D in the range 300-800 nm in toluene and the kinetic curves of decay of the triplet state of T-D after excitation (Nd:Yag laser, 532 nm) were registered.
The triplet state quenching rate constant was determined according to equation 1:
where: t T (O 2 ), t T (N 2 ) indicate the lifetimes of the T-D triplet state (determined from the decay curves) in the presence of oxygen and in nitrogen, respectively; [O 2 ] is the concentration of oxygen in the system studied (1.81´10 -3 M) (Pineiro et al., 1998) . Typical results are shown in Fig. 3 and summarised in Table 1 .
Quantum yield of singlet oxygen formation. Preliminary experiments of quantum yield of singlet oxygen formation by T-D were carried out using PAC (Photoacoustic Calorimetry) (Pineiro et al.,1998) . The quantum yield of singlet oxygen formation was found to be F D 
RESULTS AND DISCUSSION
It is now recognised that an adequate photosensitising agent should posses specific chemical and biological properties. It should be easy to synthesise, relatively stable, exhibit minimal dark toxicity, have a substantial absorbance band above 600 nm and an efficient yield of singlet oxygen generation. It should also be a chemically pure substance. Of course, decisive are always the results of biological experiments, showing the ability of the compound to generate light induced Vol. 48 Potential photosensitizer for melanoma 279 cell toxicity. We present and discuss the results from this point of view.
Synthesis of porphyrin dimer (T-D)
The synthesis of T-D proceeds with sufficient efficiency (80%). The isolation and purification of the compound is relatively simple and cheap. The product obtained is homogeneous, chemically well defined, and is not a mixture of many porphyrins, which is an advantage in relation to Photofrin II.
Photophysics and photochemistry of porphyrin dimer
The relevant data obtained from absorption and fluorescence spectra as well as from laser flash photolysis of T-D are summarised in Table 1 e lar values of absorption coefficients at these wavelengths. The spectroscopic singlet-state energy (E s , Table 1 ) was obtained using standard procedure, from the intersection of normalised absorption and fluorescence spectra (Fig. 2 -inset) . The fluorescence quantum yield of T-D in deaerated toluene is F F = 0.11 ± 0.01, which is a reasonable value for a sensitizer to be used in PDT. The shape of the transient absorption spectrum and the rate constant of its decay strongly suggest the triplet state origin. All triplet state decay curves (Fig. 3) are independent of the monitoring wavelength and reveal the same type of monoexponential kinetics. The life-times of the triplet state in the presence and absence of oxygen, as well as the rate constant of its quenching by oxygen (F D 1 q ), were calculated according to the procedure described in Methods (mean values are shown in Table 1). The presented photochemical and photophysical data of T-D are similar to the data for other porphyrins (Pineiro et al., 1998; Faustino et al., 1997; Graczyk,1999) .
Bioassay
The photosensitising efficiency of T-D is shown in Fig. 4 2.0x10 -6 3.0x10 -6 4.0x10 (S91) were almost the same (data not shown). Light alone caused small changes in the surviving fraction of the cells (Fig. 4, curve A) . The toxicity of the dimer in the dark is presented in Fig. 4 (curve C). The concentration of T-D of 10 -7 M was chosen as sublethal and used for the PDT experiment. Comparing our bioassay results to the others, which used HpDs or Photofrin as photosensitising agents (Penning et al., 1994; Chang et al., 1999) one can see that we obtained a comparable photokilling effect using a significantly lower dye concentration (30-fold) and irradiation dose (2-fold).
The newly synthesised photosensitizer T-D has quite a lot of advantages compared to HpDs being in use to date. Chemical homogeneity, low tendency to aggregate, good solubility in hydrophobic phases with a relatively long-living triplet state to generate sufficient singlet oxygen quantities (F D 1 q = 0.8) make T-D an effective compound acting via the classical kind II photokilling mechanism.
Our compound also has some disadvantages, common for all HpDs: a relatively small extinction coefficient around 630 nm lowers the photoexcitation, thus requiring the administration of large amounts of energy in order to obtain a satisfactory phototherapeutic response. However, the above-mentioned photochemical features of T-D and its behaviour in the PDT experiment in vitro permit us to finally conclude that this porphyrin dimer is a promising candidate for a new PDT-agent and is worth further investigations, especially in vivo. 282 A. Drzewiecka and others 2001
